A protein was purified from chicken gizzard smooth muscle. It bound ATP and actin. Actin activated the Mg2+-ATPase activity of this protein. The Ca2+-ATPase activity was lower than K+-EDTA ATPase activity. Thus, it appears that this protein is akin to myosin I rather than to conventional myosin. How ever, ATPase activities of the protein were much lower than those of myosin I. A protein cofactor, such as protein kinase, which would enhance these activities remains to be purified from the smooth muscle.
Introduction
The contraction of smooth muscle is modified by various pharmacological agents. The sites of action of such agents are mostly associated with their respective receptors on the cell membrane. However, several agents have recently been shown to modify the contraction by directly affecting cytosolic proteins related to motor proteins (Hidaka et al. 1985) . They affect the activities of kinase(s) or phosphatase(s), thereby modifying the extent of phosphorylation levels of myosin (Yabu et al. 1990) , with resultant changes in myosin ATPase activities.
The analysis of contractions induced by phorbol ester (Park and Rasmussen, 1985) has not yet yielded such explicit results. The phorbol ester stimulated the activity of protein kinase C (PKC). However, smooth muscle myosin, the light chain of which was phosphorylated by PKC, was not in an active form (Nishikawa et al. 1983; Takano-Ohmuro and Kohama, 1987) . Thus, it is tempting to speculate that a myosin-like protein other than conventional myosin may be phosphorylated by PKC to produce the contraction.
In two lower eukaryotes, Acanthamoeba and Dictyostelium, two classes of myosin have been described: myosin I, which is composed of a single heavy chain of about 120x10s Mr and a single light chain, and conventional myosin, which is composed of two heavy chains and two pairs of light chains (Warrick and Spudich, 1987; Korn and Hammer, 1988) . In vertebrates, there is accumulating evidence to indicate that the complex between the 110xl03Mr protein and calmodulin (llOK-calmodulin complex) is a protein that resembles myosin I (Hoshimaru and Nakanishi, 1987; Collins et al. 1990 ). The complex is detectable in intestinal brush-border and some nervous tissues.
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Although there are no reports that myosin I is subject to regulation by phorbol ester and/or PKC, we have been engaged in a search for a myosin-like protein in smooth muscle.
Materials and methods
The method is based on that described by Lin et al. (1989) . Minced smooth muscle from chicken gizzard was homogenized with a Virtis homogenizer at 45 000 rpm for 30 sec in 6 volumes of 0.5 m NaCl, 0.1m sucrose, 20mM Tris-HCl (pH7.5), 10mM Na4P207, 2mM EGTA, 14m i 2-mercaptoethanol (ME), Im M NaN3 and protease inhibitors, i.e. 0.2 mM PMSF, 0.1 mM E64C. The homogenate was centrifuged at 250 000 g for 60min. The supernatant, i.e. the crude extract, was applied to a column of hydroxylapatite (HAP; Bio-Rad) equilibrated with buffer that contained 0.5m NaCl, 20mM Tris-HCl (pH7.5), Im M NaN3, 14 mM ME, 2m M ATP and protease inhibitors. The column was washed with the same buffer, and then a 200 ml gradient of 0 m to 1 M KH2P 04 (pH 7.0) was applied. The fractions eluted from the column were subjected to the assay for K + -EDTA ATPase activity and to SDS-PAGE. Fractions containing the ATPase activity but without the 200 x 103 Mr heavy chain of conventional myosin were pooled and dialyzed against a dialysis buffer that contained 50mM NaCl, 0.2mM NaN3, 20mM Tris-HCl (pH7.5), 14mM ME and protease inhibitors. The dialyzate was made 2 mM in ATP and applied to a column of DEAE cellulose (DE-52 Whatman) equilibrated with buffer that contained 50 mM NaCl, 20 mM Tris-HCl (pH 7.5), 2m M ATP, 0.2 mM NaN3 and protease inhibitors. After the column was washed with the same buffer, a 160 ml gradient of 0.05 m to 0.8 m NaCl in the same buffer was applied to the column. Fractions eluted from the DE52 column were subjected to SDS-PAGE, and those containing only a band at 130x103Mt were pooled and concentrated by dialysis against polyethylene glycol (PEG, molecular mass 1 5 -2 0 xlO 3; Sigma). The resulting concentrate was dialyzed against the dialysis buffer mentioned above and used as the 1 3 0 x l0 s Mr protein.
Results and discussion

Search for myosin-like protein in smooth muscle
Both myosin I and conventional myosin exhibit high K +-EDTA ATPase activity, which is quite distinct from that of other ATPases (Warrick and Spudich, 1987) . Therefore a crude extract of chicken gizzard smooth muscle was fractionated by molecular size, and the resultant fractions were subjected to measurement of K+-EDTA ATPase activity. As shown in Fig. 1 , the ATPase activity was detected not only in the fraction that contained conven tional myosin but also in the fractions devoid of conven tional myosin. We speculated that the latter fractions should contain some form of myosin other than conven tional myosin.
Characterization o f the 130 x10s M,. protein ATP-binding activity of the 1 30 xl0 s Mr protein was examined by the photoaffinity-labelling technique (Fig. 2) . The protein bound ATP to a level comparable with that bound by conventional myosin. Its ability to hydrolyze ATP is shown in Table 1 . As in the case of conventional myosin, actin activated the Mg2+-ATPase activity. A remarkable feature of the protein was that K +-EDTA ATPase activity was higher than Ca2+-ATPase activity. Since Ca2+-ATPase activity of conventional myosin is relatively high (Korn and Hammer, 1988) , the 130x 103 Mr protein has similar properties in terms of its ATPase activities to those of myosin I. However, unlike myosin I, the protein has no light chain (Fig. 3A) .
As expected from the activating effect of actin on the ATPase activity, actin bound to the 130 x 103 Mv protein up to a level of 0.2 mol mol-1 of actin (Fig. 4) . The dissociation constant was in the micromolar range.
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Mr X10F ig. 1. K +-EDTA ATPase activities of an extract of chicken gizzard after gel filtration. Crude extract, prepared as described in the text, was fractionated by HPLC on a column of TSKG3000SW in 0.5 m NaCl, 20 mM Tris-H C l (pH 7.5) and 14 mM ME. K +-EDTA ATPase activities of each fractions were determined as described in the legend to Table 1 . An arrow shows the fraction that contained conventional myosin. Pi, phosphate released. ATPase activity was measured by the colorimetric determination of inorganic phosphate released from ATP (Youngberg and Youngberg, 1930) 
Evaluation o f the 130x10s Mr protein as a myosin-like protein
The 1 30 xl0 3M r protein shares the ability to bind both ATP and actin with conventional myosin and myosin I, as mentioned above. Furthermore, the ATPase activities show that it is more like myosin I than like conventional myosin. However, it is not yet appropriate to call the protein the myosin I of smooth muscle, because its ATPase activities (Table 1) are lower than those of myosin I. We are now examining cofactor(s) that enhance the ATPase activities of the 1 3 0 x l0 3Mr protein.
It must be noted that myosin light chain kinase (MLCK) of smooth muscle is known to interact with ATP and actin, as does the 1 3 0 x l0 3Mr protein (Yamazaki et al. 1987) . However, the 1 3 0 x l0 3Mr protein did not co-migrate with MLCK during SDS-PAGE (Fig. 3B) , indicating that the proteins differ from one another.
The llOK -calm odulin complex of brush-border has MgATPase activity which is activated by actin. The 1 3 0 x l0 3Mr protein gave, however, no indication of any ability to bind calmodulin, as judged by a gel-overlay experiment with 125I-calmodulin (data not shown). Thus, the 1 3 0 x l0 3Mr protein may not be related to such a complex.
The purification of the 130 x 103 Mv protein was carried out at 0 -4°C in the presence of sufficient levels of pro tease inhibitors to minimize its proteolysis. The polyclonal antibodies raised against the 1 3 0 x l0 3Mr protein did not react with heavy chain of conventional myosin from gizzard smooth muscle (not shown). Thus, the 1 30 xl0 s Mr protein may not be a proteolytic product of conventional myosin.
